Rationale, aims, and objective: Telemedicine applications, such as a mobile radiography service, provide a new way of organizing healthcare services. In order to provide safe and personalised care for nursing home residents during X-ray examinations, mobile radiography services have been implemented. The objective of this study was to analyse the costs of X-ray examinations and treatments for nursing home residents when comparing hospital-based imaging with a combination of hospital-based imaging and a mobile radiography service in Southeast Norway.
for the investment costs of a mobile radiography service (a vehicle, X-ray equipment, and operation costs). The benefits that are gained from less transportation and hospitalization occur in the other departments or institutions. [16] [17] [18] [19] There is a relatively small body of literature concerning the costs of mobile radiography services. Three publications from Norway and Sweden have compared the cost of examining residents using a mobile radiography service with the cost of outpatient examinations in hospital. [20] [21] [22] Previous research has established that a mobile radiography service reduces the cost per examination in urban areas, [20] [21] [22] but few, if any, have investigated the costs of mobile radiography service in sparsely populated areas. Furthermore, the cost of the treatment after the examination has not been taken into account. [20] [21] [22] The objective of this study was to analyse the costs with a societal perspective of X-ray examination and treatment of nursing home residents. Two alternatives were compared, including a hospital-based service and a combination of hospital-based and mobile radiography services. 16 The mobile radiography services cover 33 out of 75 municipalities in the region. More details on the demographics of the region are presented in Table 1 . The alternatives in the model are presented in Figure 1 . Due to the fact that mobile radiography services run only during the daytime on weekdays, nursing homes residents may have needed a hospital Xray examination outside of this timeframe, 13, 14 including, for example, falls that occur over the weekend or an acute situation at night that requires an X-ray examination. In areas with only hospital-based imaging, 10% to 20% of the residents are unable to be X-rayed because their state is too poor for transportation or there is a lack of personnel to accompany the resident to the hospital. 13, 14, 23 These residents were treated in the nursing home based on a clinical diagnosis alone. 13, 14, 23 If treatment was needed after the X-ray examination, treatment could be given in a nursing home or at hospital either as outpatient or as inpatient treatment.
| METHODS AND MATERIALS

| Institutional setting in Southeast Norway
12-14,23
| Probabilities used in the decision model
Probabilities on whether residents were examined in a hospital or by a mobile radiography service was calculated through the nursing home residents' use of imaging services in four hospital trusts with a mobile radiography service in Southeast Norway in 2015 (Oslo, Akershus, Vestre Viken, and Vestfold).
Previous research indicates that 76% of the nursing home residents who had an X-ray examination needed treatment based on the results of the imaging. 13, 14 When examined at the nursing home, 62% of the residents in need of treatment were treated there as well;
7.5% of residents examined at the nursing home were admitted to hospital. [12] [13] [14] When examined at the hospital, 68% of the residents in need of treatment were treated in a nursing home. The rest of the residents were treated in hospital, and, of these, 23% were admitted. 13, 14, 23 The probabilities are presented in Table 2 . All probabilities are entered as beta distributions where appropriate.
| Costs used in the decision model
All residents in nursing homes need to be examined by a physician for a referral, and the regulated physician visit fee was used. 24 According to
Hektoen, 11 this fee should be doubled in order to account for operating costs. For an X-ray examination in a hospital (cost per patient), the salary for the radiographer, the capital costs of equipment and facilities, and the operating costs were included for chest, hip, and pelvic examinations (Oslo University Hospital, unpubl. observ.). In the case of an Xray examination in a nursing home, the labour of the radiographer, the transportation, the capital costs of equipment and vehicle, and the overhead costs were included for all types of general X-ray examinations. 25 According to earlier research, 50% to 88% of nursing home residents use an ambulance when transferred to a hospital. 13, 14, 23, 26 Thus, it was assumed that 70% of the residents needed an ambulance transfer, and it was assumed that the rest of the residents used a taxi. The costs of the taxi transfers were calculated as the average km travelled multiplied by the cost per kilometre with a start fee. 27 Based on data from the eight hospital trusts in Southeast Norway, on average, the travel distance was 27.08 km between the nursing homes and hospitals. According to Laerum et al, 23 75% of residents were in need of nursing home personnel to accompany them to the hospital. Thus, it was assumed that 25% of the residents were accompanied by an adult family member who used one workday to accompany the resident.
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The treatments for hip fractures and pneumonia were used to estimate the cost of inpatient hospital treatment through the Norwegian DRG (Diagnosis-related Group) codes. 29 These are assumed to be the most common treatments related to a hospitalization after an Xray examination of nursing home residents. 5, 7 The cost of outpatient treatment was calculated from the Norwegian DRG for outpatient treatment of pneumonia infections and minor fractures. 29 Moderate and mild pneumonia and several other minor conditions could be FIGURE 1 An illustration of the developed decision model, with alternatives for examination and treatment treated at a nursing home. 5, 7 To estimate the cost of nursing home treatment, it was assumed that an average of 7 days of treatment and care with a multidisciplinary team was used. 11 The costs of services that would remain the same regardless of where the examination took place were omitted (eg, reporting costs and administrative handling of referrals). The costs are presented in Table 3 . The costs are entered as gamma distributions in the model where appropriate.
All of the costs were based on the 2016 Norwegian kroner converted to the Euro (€) by using the 2016 average currency rate (9.2899).
| Statistical analyses
With TreeAge, in order to evaluate the impact of parameter uncertainty, probabilistic sensitivity analysis (PSA) was used. 30 
| RESULTS
The calculated cost per examined and treated resident with hospitalbased imaging was on average €2790. The average cost per resident with the combination of mobile-and hospital-based services was €1946 (Table 4 ). This constitutes a 30% cost reduction per resident.
Considering there were at least 7375 X-ray examinations for nursing home residents in Southeast Norway in 2015, this would amount to a total cost reduction of just above €6 224 000.
The illustration of the Monte Carlo probability distribution of the cost differences of the compared alternatives is shown in Figure 2 .
The alternative with the combined services gave a cost reduction in all 1000 runs compared to the hospital-based imaging alone. The cost reduction would most likely be €560 to €1 080. A paired-samples t test was used to further evaluate the difference in cost between the two alternatives. The cost reduction in the combined alternative was significant, with a mean cost reduction of €844 with a 95% confidence interval ranging from €837 to €851 (SD = 112.4), P < 0.001 (twotailed).
| DISCUSSION
This cost analysis presents a cost comparison of two alternative options for radiography services, including hospital-based imaging alone and hospital-based and mobile radiography services combined.
The analysis demonstrated that the combined mobile and hospital- 13 Vigeland et al, 14 and Laerum et al 23 based X-ray services provide a 30% cost reduction compared with hospital-based imaging alone. In addition, there is a possibility for an even higher cost reduction if the radiographer examines more than one patient at each nursing home visit. Randers 22 calculated that there would be a 50% cost reduction on the second examinations; however, to be able to perform more than one examination per visit requires planning from both the nursing home staff and the radiographer running the service.
| Quality of treatment and care
The effects of mobile radiography services were not evaluated in this study. However, earlier research has shown that mobile radiography services facilitate high-quality treatment and care. 16 According to
Ranhoff and Linnsund, 6 nursing home residents would in most cases be better off treated in the nursing home. Providing adequate treatment in nursing homes would, in many cases, be easier when the diagnosis is supported by imaging. 19, 23 Mobile radiography services would thus facilitate better treatment and care for residents unable to travel and may increase the quality of life for residents who no longer need to travel back and forth just for an X-ray examination.
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| Transfer and hospitalization
The cost reduction was mainly due to reduction in transportation and the number of hospitalizations. A transfer by an ambulance is costly (compared with a transfer of the X-ray equipment) both economically and in reference to the resident's health condition. 20, 22 Previous research has calculated costs with mobile radiography services in relatively highly populated areas in Norway and Sweden, with a mean travel distance of 10 to 20 km. [20] [21] [22] This cost analysis included both highly and sparsely populated areas with a mean travel distance of 27 km. In areas where the travel distance to hospital is long, the population density is low. This may result in fewer examinations than expected with the mobile radiography service per day. 21 However, the cost reduction per examination and treatment would be high due to transportation costs, including the accompanying staff or family members. 21, 22 Further, the strain on the residents may increase with time away from the nursing home. 23 Due to long travel distance to hospitals in rural areas, the transfer could cause residents to not be Tables 2 and 3. 
